Small-angle scattering gives a much poorer resolution of the structure than does diffraction by perfect crystals, i.e. the loss of information due to the random orientations of the scattering molecules is far greater than that known from the phase problem. For a quantitative comparison the scalar field functions in physical and reciprocal space are expressed as a series of spherical harmonics Y~m. From the rotational properties of spherical tensors it is deduced that the orientation of the partial structures described by the sum of the multipole components belonging to the same l has no influence on small angle scattering. There are no interference terms between these partial structures, i.e. the partial small angle scattering functions arising from the partial structures superimpose independently. Structures giving the same small angle scattering can be generated by displacing the coordinate system and rotating the partial structures in an arbitrary manner and sequence.
Introduction
The problem of uniqueness in crystallographic research has been discussed in detail by many authors (Hosemann & Bagchi, 1962) . Several techniques have been developed in order to solve the well known phase problem. No comparable investigations have been made in the field of X-ray small angle scattering.
As small angle scattering arises from highly disordered systems, it is likely that the experimentally obtainable information about the structure of individual scatterers is diminished drastically. Therefore a great variety of structures far exceeding the manifold structures due to the loss of phase will give the same small angle scattering.
For the sake of simplicity monodisperse systems at infinite dilution are considered here, i.e. all irradiated molecules should have the same configuration and interparticular interference should be eliminated by extrapolation of the normalized scattering to infinite dilution. These conditions reduce the scattering of the whole system to the scattering of one particle.
The small angle scattering function
As the small angle scattering function does not depend on the orientation of the scattering particle, it is convenient to use a mathematical representation of the scatterer which includes the rotational properties of spherical tensors (Brink & Satchler, 1968) , and for a bounded scalar field •(r) of the scatterer this is achieved by an expansion as a series of spherical harmonics: I Q(r)= Z Z Ozm(r)Yzm (O,~o) (1) I=0 m=--I where (. rlqlm(r) =-Qlm(r) = Ytm(CO)e(r)dco. do)= sin 0d0d~0 Q The coefficients Ozm(r) are the multipole components of the field ~o(r). In reciprocal space the scattering amplitude A(s) of 0(r) can be described in the same way:
Slplm(S) =-AIm(S)= I Yt*m(Q)A(s)dQ ;
s is the change of momentum of the incident photons induced by the scatterer in r. Assuming only elastic scattering s= Isl equals (4n/2) sin 0; 0 is half the scattering angle. The transition from physical space to reciprocal space is achieved by a Fourier transformation (Sneddon, 1956 ):
The corresponding multipole components are connected by Hankel transformations (Sneddon, 1956 ) (see Appendix A) Olm(r) = ~2 (-i)t l Alm(s)jt(sr)s2ds , Alm(S)= V-2----n iz I Ozm(r)jz(sr)r2dr ; (4) jz(sr) are the spherical Bessel functions.
The scattering intensity I(s) of Q(r) is given by the absolute square of A(s) (see Appendix A)
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The Wigner coefficient \000] vanishes unless lx +12+l is an even number (Brink & Satchler, 1968; Massot, E1-Baz & Lafoucri~re, 1967) . The phase problem can be characterized by the loss of the multipole components Ilm(s) with odd l.
If all orientations of Q(r) are equally probable and interference between the particles is negligible, the small angle function of such a monodisperse system can l:e calculated by integrating I(s) with respect to all orientations of Q(r). It is convenient to introduce the Euler angles into I(s) as rotation parameters. A rotation of the field ¢(r,0,~0) specified by the Euler angles (o~,fl, y) is given by transforming Yz~(m) according to the following equation: J(s)=(2n)-3 g I 0(r)0(r') sin slr-r'l d3rd3r, slr-r'l Introducing the multipole expansion of sin (slr-r'l)/ (slr-r']) equation (7) is obtained. Small angle scattering provides only the zero component of the multipole expansion of I(s).
The small angle correlation function
Every function considered in reciprocal space has its counterpart in physical space. The relation between Q(r) and A(s) is given by equation (3).
The Fourier transform of the scattering intensity I(s) is known as the Patterson function Q(u). u is a vector connecting the points r and r' in physical space. Q(u) is the convolution square of Q(r). where g~)(u,r)= L2 11
The range of the summation indices is determined by the properties of the Wigner 3-j and 6-j coefficients defining C. Introducing equation (9) and (1) 
On transition to dilute solution or gases all orientations of the Patterson functions associated with the molecules become equally probable. Such an isotropic system is described by a function H(u) depending only on the absolute value of u. H(u) is obtained by integration of Q(u) with respect to all orientations cou (see Appendix B). (1) From the transformation properties of the Y~m in equation (6) (16)
The phases of the partial structures can be chosen in such a way that 0(r) has rotational symmetry with respect to the z axis. (0ira(r)=0 if m #0).
(2) The analysis of the sum of the partial scattering functions Jds) yields another family of solutions.
Different decompositions of J(s) into Jz(s) can be achieved by displacing Q(r) according to equation (9). This operation affects neither I(s) nor J(s). Q(r) remains congruent under this operation, but the changed multipole components offer'a new starting point for the construction of other 0(r) by rotation of Qz(r). We shall assume that rotation of the partial structures Qz(r) and displacement of Q(r) in an arbitrary manner and sequence do not change the small-angle scattering.
Small angle scattering is most easily discussed in ials (Tricomi, 1955) . If pzm(S) and qtm(r) are expanded as a series of Laguerre polynomials of the order -½,
it can be shown that the vectors 
The Alo(S) are shown in Fig.4 (full lines) . The scattering function J(s) is the sum of the absolute squares of Azo(S). The factor 1/4re has been omitted. 
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We have seen that rotation of some partial structures oz(r) does not change the partial scattering functions Jl(s). The generation of new structures based on this principle was achieved in the following way:
The functions Q(n)(r) (n =0,1,2, 3) in the xz plane are shown in Fig. 6(a)-(d) . The structures 0(n)(r) with n = 1,2, 3 have no rotational symmetry. 
A'oo(S ) and A'zo(S) are shown in Fig.4 (broken lines) . P'oo(s) and P'zo(s) can be approximated fairly well by a finite series of Laguerre polynomials L21/Z(s2). The corresponding Q00(r) and Q;0(r) (broken lines in Fig. 3) are calculated according to equation (22). Thus another structure Q'(r)=Q0(r)+Qz(r), shown in Fig.7 , is obtained. Q'(r) has rotational symmetry with respect to the z axis. A model with spherical symmetry can be found by defining Jo(s)=Jo(s ) + J2(s). Aoo(S) (dotted line in Fig. 3) is the square root of Jo(s). Q00(r) (dotted lines in Fig. 2) is the Hankel transform of Aoo(S). Q"(r) is shown in Fig. 8 . These are some typical structures belonging to the same small-angle function J(s) defined by equation (23). -@~,,n(e,fl, y) is the matrix element of the rotation operator.
APPENDIX A. Expansions and other formulae
Further useful formulae are given in modem treatments of the theory of angular momentum (Brink & Satchler, 1968; Massot, EI-Baz & Lafoucri6re, 1967) .
B. The multipole expansion of the small-angle correlation function
Integrating the Patterson function Q(u) with respect to the unit vector o~u only Q0o(U) contributes to H(u). (10) is greatly reduced because of the albegraic properties of the 3-j coefficients.
The triangular conditions of the 3-j coefficients give
As the sum ME+MI+m=O and M~=O, M2 equals --m. [[2(l-L) ]! (2L)]] 1/2 000] = " (2l+1)! .......
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By introduction of C into equation (I0), Q00(u) is obtained.
C. The matrix elements of n (/)
As the Laguerre polynomials L(n=)(x) form a complete system of orthogonal functions with respect to the density function x ~ (exp-x) in the interval (0, c~), plm(S) and qzm(r) can be approximated by a series of these polynomials (Tricomi, 1955) . In plm(S) and qtm ( LCn-l/Z)(r 2) by linear combinations of L~/+ 1/2)(r2) we find eol+l qtm(r)= exp (--r2/2) 53 l~ (-l~v(t+l~,,(l,m) r(t+l/2)(r2)(28a) *) \v /~ln+vL"n n=Ov=O col+l ptm(S) = exp (-S2/2) ~2 ~£ ( --l~v(t+ x~ r~(l,m) 
Transforming equation (28a) term by term according to equation (27) and equating coefficients we obtain
)Fn+v--) kv )ffn+v" v=0 v=0
From this system of implicit linear equations the matrix elements of H Ct) can be calculated• They obey a simple recursion formula.
H~/+) 1,1+ 1 = -H,,j. All matrix elements of H(Z) can be deduced from the first row of the matrix, Table 1 shows the first matrix elements H(o~ ) of H(0. The analysis of the sequence of the u(t) by means 1, 0j of higher differences leads to the following formulae" 1 H(0//) = ( -1)J Z (~,)BI~. The author is very grateful to Professor G. V. Schulz for his kind interest in the present work. Special thanks are due to Professor P. Beckmann and Dr R. G. Kirste for helpful discussions.
